Both genetic and nongenetic risk factors for schizophrenia have been described. Specifically, perinatal complications have been suggested as a factor in the later development of schizophrenia. These appear to be increased among schizophrenic patients with a clear genetic vulnerability for illness. While reduced brain tissue localized to the temporal lobe is also present in these individuals, it is unknown whether brain structural differences are a consequence of perinatal insults to the developing brain. Initial analyses on magnetic resonance imaging scans from siblings with schizophrenia are presented in an attempt to examine this issue.
Comparisons of monozygotic (MZ) and dizygotic (DZ) twin concordance rates, and the family and adoption studies of schizophrenic probands (reviewed in Gottesman and Shields 1982) strongly suggest that genetic factors are important in the development of schizophrenia. The additional effects, however, of nongenetic environmental risk factors, particularly in genetically vulnerable individuals, have not been clarified. Some of the same studies showing higher MZ than DZ concordance rates also find that birth complications are more likely to have occurred in the ill twin of MZ pairs discordant for schizophrenia (McNeil and Kaij 1978) , suggesting that given identical genes, environmental insults may influence the clinical expression of the illness.
Other investigators have reported an increased frequency of nonspecific perinatal complications among unrelated individuals who later develop schizophrenia (Mednick 1970; Woerner et al. 1973; Jacobsen and Kinney 1980; McNeil and Kaij 1978; Parnas et al. 1982; DeLisi et al., in press; Lewis and Murray, in press ). Whether birth complications alone can cause schizophrenia, or whether the observed increase is relevant only to a genetically vulnerable group, however, remains unclear.
Nevertheless, the common consequence of the several birth complications identified in the above studies may be transient fetal anoxia. Anoxia to the developing brain, even just for short periods, is known to cause major disruption in brain development, particularly in areas of the brain largely dependent on aerobic metabolism, such as the hippocampus. It also commonly leads to periventricular hemorrhagic lesions (Brierley and Graham 1984; Larroche 1984) .
Post-mortem and radiological evidence does exist for structural differences in the brains of adult schizophrenic patients, specifically enlargements of the ventricular system (reviewed by Weinberger et al. 1983) , reduced cellular and overall volume of limbic system structures (Bogerts et al. 1983 (Bogerts et al. , 1985 Brown et al. 1986 ), as well as limbic cellular disorientation (Scheibel and Kovelman 1984; Jakob and Beckmann 1986) . These brain findings have been noted in some studies of patients with a familial history of illness, while others suggest that they may be less prevalent in a familial rather than a nonfamilial form of illness. Thus, the relevance of these lesions to the familial aspect of It has been suggested that these abnormalities may occur early in life, and perhaps prenatally, since they do not appear to be progressive, are not correlated with the length of illness, and are characteristic of brain developmental disruption rather than an adult degenerative process. There is further suggestion that the variation in ventricular size among normal individuals is at least partly genetically determined (Reveley et al 1982; DeLisi et al. 1986 ). Enlargement greater than the normal structural variation, however, may be due to environmental insults during the period of brain growth and development. Rakic (in press) has demonstrated in animals that lesions to specific areas of the occipital cortex, particularly during the midgestational period, can simulate abnormalities in the migration of cellular layers in the cortex, resulting in cellular disorientation that is similar to changes seen in the hippocampus of schizophrenic patients.
In a recent study, we reported both familial and environmental effects on structural enlargement of the lateral brain ventricular system in siblings concordant for schizophrenia (DeLisi et al. 1986 ). The following series of further studies examines the prevalence of birth complications in families with at least two schizophrenic siblings Magnetic resonance imaging is used to detect whether changes in structures of the limbic system can be detected in these individuals and, if so, whether they are associated with having previously had complications at birth
Methods

Subjects.
Families having more than one diagnosed sibling with schizophrenia were referred from local psychiatric treatment facilities and community support groups Additional recruitment of these families on a national basis was done with the aid of the National Alliance for the Mentally 111 (NAMI). For details of the methods for clinical evaluation and characteristics of this group, see DeLisi et al (in press) All individuals were diagnosed using Research Diagnostic Criteria (RDC) (Spitzer et al 1977) as modified by Mazure and Gershon (1979) . A total of 53 families in which two or more siblings satisfied RDC for chronic schizophrenia were used for these studies.
Obstetric histories were obtained from the mothers of the individuals in our studies. In two families where the mother was deceased, information was obtained from the most knowledgeable family informant The information obtained from a structured questionnaire (available on request) is listed in table 1 If any one of these items was present, the individual was considered to be "positive" for birth complications. The items were derived from lists of complications noted in previous studies Brain Scans. Magnetic resonance imaging (MRI) scans were completed on a subset of individuals from the above screened families-24 of the schizophrenic patients (14 males, 10 females, mean age 31.9 ± SD 7), consisting of 11 sets of ill siblings plus 2 unrelated schizophrenics with a history of schizophrenia in another sibling unavailable for scanning, as well as 18 nonhospitalized community volunteers (11 males, 7 females, mean age 35 4 ± SD 8)
Scans were performed using a 0.5 tesla Picker scanner. Twelve contiguous coronal brain slices were obtained, and the two sequential slices clearly demarcating the hippocampus, amygdala, and parahippocampal gyrus (as designated in the atlas of Schnitzlein and Murtagh 1985) were used for comparisons (see figure 1) . The amygdala was best visualized on the more anterior slice, and the hippocampus on the more posterior slice; however, clear delineation of the hippocampus from the amygdala could not be made Measurements of the areas of the left and right anterior and posterior hippocampus/amygdala complex, parahippocampal gyrus, and both structures combined were obtained by magnifying each scan (1.7 times the actual head size) and performing planimetric measurements of the traced areas of interest. A ratio of the area of the structure of interest to the cranial area on the same slice was calculated to standardize for differences in head size among individuals The headsize boundaries were determined using the inner margin of the scalp (the most clearly distinguishable outer border) and a perpendicular line connecting right and left mastoid processes at the level of the auditory meatus.
All scans were coded and measured by one investigator without knowledge of the diagnosis of the individual Intraclass correlations for duplicate measurements corn- Statistical analyses of the data were performed using two-tailed t tests for patient versus control differences, and intraclass correlations (r a ) for sibling pair analyses. These data are considered preliminary analyses. Repeat and expanded measurements and analyses of these data are presently in progress in collaboration with Dr. T.J. Crow and colleagues, Harrow, United Kingdom.
Results
The frequency of any perinatal complications in schizophrenic siblings (n = 123 from 53 families) compared with their nonpsychotic siblings (n = 148) was 23.6 percent (n = 29) versus 12.8 percent (n = 19), respectively (x 2 = 5.32; p < .025). The complications most often cited and their frequencies are listed in table 2. There is no difference in frequency of specific birth complications, although a total excess exists, similar to what was found in previous studies (reviewed by McNeil and Kaij 1978; McNeil, in press ).
MRI measurements of the amygdala/hippocampal complex, parahippocampal gyrus, and total limbic areas are presented in table 3. In all measurements mean areas were smaller in patients than in controls, although only the differences in total limbic area bilaterally in the anterior slice, and on the right in the posterior slice, reached statistical significance.
There were no significant differences between patients with (n = 7) and without (n = 17) birth complications (see table 4 ).
Size of structure was significantly correlated among sibling pairs for the total limbic complex on the right anterior slice (r^ = .55, p < 03), the right anterior gyrus (r ] = .60, p < .02), and the left posterior hippocampus (r 1 = 78, p < .001); on the anterior slice, it was uncorrelated for the left total complex (r, = 35), the right (rj = .40) and left hippocampus (rj = .38), and the left anterior gyrus (T I -.00); and on the posterior slice, it was uncorrelated for the total left (r, = .38) and right (TJ = 07) limbic complex, the right hippocampus (r, = .35), and the left (r, = .00) and right (r = .00) parahippocampal gyrus.
Discussion
Our data confirm previous studies that show an increased frequency of nonspecific perinatal complications in patients with a familial form of schizophrenia The present study also confirms post-mortem studies finding reduced size of the limbic structures in schizophrenic patients, and indicates that this finding is relevant to familial cases of illness, although the differences found are only of modest significance. It appears, however, from our data that these reductions cannot be solely accounted for by birth complications The lack of a strong correlation among sibling pairs suggests that they may also not result from genetic influences While nongenetic insults to the brain during the perinatal period may have a major influence on both the later development of schizophrenia and brain morphological defects, the transient anoxia occurring during some births may be only one of many such insults.
Regardless of their origin, these changes in limbic structures are unlikely to be a sufficient cause of the illness. Further factors must be needed to provide an explanation for why a fixed lesion of the brain, presumably present at birth, could cause an illness with adult onset and a fluctuating course. Moreover, siblings with schizophrenia, who are likely to have the same cause for their illness, would be expected to have similar limbic system pathology This did not appear to be the case for most of the limbic measurements in the present study In addition, all the patients in the present study, as well as those in previous post-mortem studies, were examined at least a few years after the onset of their illness. Therefore, it cannot be determined from these data whether the limbic system differences were present at birth or whether they are a consequence of chronic illness and its treatment. The cellular disorientation noted in some studies suggests that they must have occurred early during brain growth and development, but only prospective longitudinal studies beginning with the perinatal period will provide a definitive answer.
